Background: Maternal anaemia is a common problem in pregnancy, particularly in developing countries. The study was aimed at determining the factors associated with anaemia among a group of pregnant mothers who attended an antenatal clinic in Dhaka city. Methods: This cross-sectional study included 224 pregnant women, who visited the antenatal clinic of the Marie Stops, Dhaka. Demographic data and information on maternal age, gestational age, educational and income level, and socioeconomic status were collected from all the subjects. Haemoglobin status was measured to assess their anaemia. A qualified technician drew venous blood samples from them. The reference values of haemoglobin were categorized according to the World Health Organization (WHO) criteria as follows: normal (11 g/dL or higher), mild (10-10.9 g/dL), and moderate (7-9.9 g/dL). Mild and moderate levels of haemoglobin were defined as anaemic (haemoglobin levels of <11 g/dL). The SPSS software (Windows version 16.0. SPSS Inc, Chicago, USA) was used for analyzing data. Results: The mean (±SD) age of the subjects was 26.4 ± 2.81 years. Sixty-three percent of the subjects had normal level of haemoglobin, and 37 % were anaemic 26 % mild and 11 % moderate. Maternal anaemia was significantly associated with age (p = 0.036), education (p = 0.002), income (p = 0.001), living area (p = 0.031). Results of binary logistic regression analysis showed that maternal anaemia was also significantly associated with age (p = 0.006), educational status (primary to 8th grade, p = 0.004; secondary and above, p = 0.002), living area (0.022), and income (0.021). Discussion: A significant proportion of pregnant women were found anaemic. Most data showed education has animpact on awareness to use of health services and iron supplementation should be encouraged to improve the haemoglobin levels in pregnancy.
Background
Pregnancy is one of the most and unique periods of women's life-cycle. It is the most exciting period of expectations and fulfillments; however, it is a condition of great stress because of many anabolic activities that take place during this time and foetal growth takes place with extensive changes in maternal body composition and metabolism [1] . Poor nutritional status during pregnancy is associated with inadequate weight gain, anaemia, retarded foetal growth low birth weight, still births, preterm delivery, intrauterine growth retardation, morbidity and mortality rates [2] .
Anaemia is one of the most prevalent nutritional deficiency problems afflicting pregnant women [3] , defined by the World Health Organization as haemoglobin levels of <11 g/dL [4] . Anaemia in pregnancy is commonly considered a risk factor for the poor pregnancy outcome and can result in complications that threaten the life of both mother and foetus [5] . It has long been recognized that anaemia is a major public-health problem, especially among poorer segments of the population, in developing countries, such as India, Pakistan, and Bangladesh [6] .
The prevalence of anaemia is an important health indicator, and when it is used with other measurements of iron status the haemoglobin concentration can provide information on the severity of iron deficiency [7] .
Numerous studies in the developing countries have shown that anaemia, especially iron-deficiency anaemia (IDA), is highly prevalent among pregnant women [8] . Anaemia during pregnancy, particularly iron-deficiency anaemia, continues to be a world-wide concern. It is recognized as the world's most prevalent nutritional disorder, affecting more than two billion people in both developed and developing countries. Pregnant women are particularly at risk of developing IDA with a highest prevalence in South-East Asia [9] . According to the United Nations (UN), 56 % of pregnant women in lowincome countries suffer from anaemia compared to 18 % in high-income countries [10] . Its prevalence in pregnancy varies considerably because of the differences in, for example, socioeconomic conditions, lifestyles, and health-seeking behaviours across different cultures. Considering this background, the study was aimed at determining the factors associated with anaemia among a group of pregnant mothers.
Methods

Setting
This cross-sectional observational study was conducted at the Marie Stopes Clinic in Dhaka, Bangladesh. The Marie Stopes, a charity organization, is the foremost organization in the SRH (sexual and reproductive health) sector, providing high-quality services, developing and implementing effective programmes especially for the poor and vulnerable people including pregnant women. The service-delivery system of Marie Stopes covers 62 districts, including 43 referral clinics. It has been able to attract patients with different demographic and socioeconomic backgrounds from all over the country. Thus, data generated from this clinic may be considered a fair reflection of general population (pregnant women) of the country.
Study Population
The study was conducted among 224 pregnant women, aged between 20-35 years with 2 nd to 3 rd trimester who visited the antenatal clinic of the Marie Stops for routine antenatal check-up. Pregnant women with diabetes mellitus, hypertension, and any congenital haemoglobin disorders were excluded from the study.
Sample-size
The study revealed that the prevalence of anaemia among pregnant women ranged from 19 % to 50 % [13] .
In this study the prevalence was considered 35 % for determining the sample-size using the following formula: n = z 2 q/r 2 p . Thus, the sample-size was 204, considering the 10 % non-response and the final sample size for this study was approximately 224.
Sampling technique
Consecutive sampling technique was applied. Pregnant women were selected who met the inclusion criteria and until either the required sample-size was achieved or the survey period was over during antenatal care period.
Data-collection Data-collection instrument
A pretested semi-structured questionnaire was used for collecting information on socio-demographic characteristics, reproductive and medical history of the study subjects. Opinion and advice were obtained from teachers, experts from relevant fields, and advisors throughout the initial period of constructing the questionnaire. The questions were constructed in as simple language as possible and a pre-arranged sequence was maintained. The questionnaire was developed in English and then translated into native language Bangla. Pretesting of the questionnaire was performed to gather information on its understandability, time consumed by each question, consistency among related variables and acceptability.
A check list was used for collecting blood samples. The blood test of hemoglobin was performed by the experts in this field. The qualified technician drew venous blood samples from the mothers for the assessment of their anaemia. The reference values of haemoglobin were categorized according to the WHO criteria as: normal (11 g/dL or higher), mild (10-10.9 g/dL), and moderate (7-9.9 g/dL). Mild and moderate levels (<11 g/dL) of haemoglobin were defined as anaemic. [4, 12] . Respondents were also asked about history of taking iron supplementation each day.
Collection of blood sample
2 mg/L EDTA (ethylenediaminetetraacetic acid) vial was collected following all aseptic precautions from the antecubital vein using a disposable plastic syringe. Serum was separated by centrifugation (10 minutes) at a rate of 2000 rpm at room temperature; immediately after that blood was allowed to clotting for 30 minutes. Separated serum was allocated in different eppendrof for haemoglobin test. Colorimetric method was used for the measurement of haemoglobin concentration.
Ethical aspects
Each participant was informed about the research objectives, methods and techniques in detail, and written informed consent was taken from them. Data were collected ensuring the privacy and confidentiality by face-to-face interview. The Ethical Review Committee of the Diabetic Association of Bangladesh (BADAS) and the authority of the antenatal clinic of the Marie Stops of Dhaka, Bangladesh, approved the study.
Analysis of data
Data were checked thoroughly for consistency and completeness after collection and then cleaned, edited, and verified daily to exclude any error or inconsistency. Statistical analysis was performed using the SPSS software for windows (version 16.0) (SPSS Inc, Chicago, USA). Univariate and bivariate analysis were performed as appropriate. Furthermore, binary logistic regression analysis was done to determine the factors affecting maternal anaemia among the pregnant women. The statistical tests were considered significant at a level of ≤5 % (≤0.05).
Results
The mean (±SD) age of the study subjects was 26.4 ± 2.81 years, ranging from 20 to 35 years. The majority (64 %) of the women were aged ≥25 years. Most (82 %) women were housewives and 57 % had education from primary to 8 th grade. Majority (89 %) was from the urban area and 56 % were from the low-income group (Table 1) .
About 63 % of the women had normal level of haemoglobin status and 37 % were anaemic (mild 26 % and moderate 11 %) (Fig. 1) .
Results of bivariate analyses showed that the sociodemographic characteristics, such as age (p = 0.036), Multi gravida 133 59
*above = Higher secondary and graduate; **Tk = (Tk 80 = US$ 1) Fig. 1 The percentages of pregnant mothers according to their haemoglobin status level of education (p = 0.002), income (p = 0.001), and living area (p = 0.031) were significantly associated with maternal anaemia (Table 2) .
Further binary logistic regression model was performed to identify the factors affecting maternal anaemia during the pregnancy period. Age (p = 0.006), educational status (primary to 8th grade, p = 0.004; secondary and above, p = 0.002), living area (p = 0.022), and income (p = 0.021) were significantly associated with maternal anaemia. (Table 3) Discussion Anaemia is one of the main nutritional deficiency disorders affecting a large proportion of the population, not only in developing but also in industrialized countries. This study found that 37 % of the pregnant women had amaemia. Researchers from various developing countries have reported that 19-50 % of women had the prevalence of anaemia during pregnancy [13] . The prevalence of anaemia in pregnancy has been reported to be 59 % in Bhutan, 65 % in Nepal and 60 % in Sri Lanka [14] . In Bangladesh, the estimated prevalence of anaemia was 50 % [15] . Another study in Bangladesh reported that about 40 % of pregnant women were anaemic [16] . Therefore; it indicates that a large variation in anaemia prevalence exists between countries and possibly within a country. Our result showed the little bit inverse findings compare to the other countries. This may be differing because of regular antenatal check-up and overall improvement of healthcare in the community studied.
Of 224 pregnant women, 140 (63 %) had normal level of haemoglobin, and 84 (37 %) were anaemic in the present study. It can vary considerably due to the differences in socioeconomic conditions, lifestyles and healthseeking behaviours across different parts of the country. Frequency of low haemoglobin levels (42.5 %) was found among pregnant women in the Islamabad and surrounding region of Pakistan [17] .
However, the high prevalence of anaemia in Bangladesh and other Asian countries indicates that it is a serious public-health issue that needs attention. A study in Ethiopia showed that the overall prevalence of anaemia was 41.9 %, which is almost similar to our results [18] . An Indian study reported that among 66 pregnant women, 40.92 % had mild, 54.54 % moderate, and 4.54 % severe anaemia [1] . Results of another study showed that, of 51 pregnant anaemic women, 9 (18 %) were mildly, 30 (58 %) moderately, 9 (18 %) severely, and 3 (6 %) were very severely anaemic [19] . Our study has shown converse findings compared to those of Indian studies.
The results of our study showed that level of education of mothers had a significant association with maternal anaemia. This finding is supported by findings of Erlindawati et al. in which literacy of women had a significant association with the use of antenatal care services as education has an impact on awareness of use of health services among the population [20] .
The findings of this study revealed that the lowincome group comprised a higher portion of anaemic patients (n = 53) compared to the high-income group (n = 6), and income was also associated with maternal anaemia. Results of a study in Pakistan showed that patients with a monthly income of less than Rs 5,000 had a haemoglobin value which was 1 g/dL lower than those with a monthly income of greater than Rs 5,000 [21] .
In the present study, 37 % of the pregnant women had anaemia in third trimester compared to second trimester. This is probably due to increasing requirement of iron as the pregnancy progresses coupled with the exhaustion of iron stores in most women in the second and third trimesters [22] .
The salutary effect of iron supplementation on improvement of haemoglobin levels in pregnancy has been documented in various studies [23] , which are more similar to those of our study. Routine prophylaxis of iron is commonly recommended for pregnant women. Initiation of supplementation before conception is needed to reduce maternal anaemia during early pregnancy [24] .
Although the sample-size and the study site (clinic) are the two major limitations for the external validation of the findings of our study, it should be mentioned that the organization where the present study was conducted attracts patients with different demographic and socioeconomic backgrounds from all over the country. As the samples were drawn from one clinic, several factors may have impact on the results as to limit its generalizability.
Conclusions
Based on the findings of the study, it could be concluded that anaemia is alarmingly high among pregnant women and is significantly associated with the socio-demographic factors (age, education, income, and area). Despite this condition, the findings will be useful to our maternal health programme planners and implementers to target and evaluate interventions for the further improvement of health for pregnant mothers of Bangladesh. 
